This paper presents a new version of the Entall database of the thermodynamic properties of metals and their alloys. The changes are related to the thermodynamic data of new binary and ternary systems as well as the integration of the database with an application for the modeling of the formation enthalpies of intermetallic phases with the use of the Miedema model. Using this tool, calculations of the enthalpies of formation of 38 intermetallic phases from 12 binary systems were performed and a comparative analysis conducted. The results of the analysis clearly showed a weak correlation between the model and experimental data. To improve this correlation, an intermediate method of proportional change was proposed, on the basis of the measurement of the enthalpy of formation for one of the phases. The values for the other phases obtained from this indirect method should not deviate much from the experimental ones provided that before the measurements (dissolving or pulping) or after them (direct synthesis), the phase being examined should undergo structural tests, in order to confirm its dominating amount in the samples.
Introduction
The significant interest in materials with an intermetallic phase matrix, where one of the metals is aluminium, contributed to the establishment of the COST 535 program (Thermodynamics of Alloyed Aluminides THALU), which was finalized in November 2007. The program was directed to the development of new alloys based on intermetallic compounds from the Al-Fe-Ni-Ti system. Its basis was the modeling of the thermodynamic properties of aluminides by way of evaluating the existing data as well as obtaining new data by experimental tests. As enthalpy of formation constitutes one of the most important thermodynamic quantities used in the calculations of phase diagrams and the most accurate way of its determination is its calorimetric measurement, IMIM PAS, within the frames of the COST 535 program, performed calorimetric and microcalorimetric tests for the alloys from the Al-Fe-Ni-Ti type system. Other research programs involving investigations of the enthalpy of formation realized at IMIM PAS include the COST 531 and COST MP0602 program. They were concentrated on tests of low-and high-melting soldering materials. However, calorimetric tests, contrary to those implemented in COST 535, constituted a very minor part of the whole research program.
The application of alloys with the matrix of intermetallic phases from binary and ternary Al-Fe-Ni-Ti systems is presented in Fig. 1 . The alloys based on the Al-Fe-Ni-Ti type system are marked in blue.
The enthalpies of formation of the intermetallic phases from the Al-Ni and Al-Ti systems were examined by Rzyman et al. [1] [2] [3] by the methods of dissolution and a direct synthesis. Only in the case of the Al 3 Ti phase, the results obtained from both calorimetric methods were in agreement, while for the remaining phases from the Al-Ti system, the differences were ∼5 kJ/mol atom for the AlTi phase and ∼10 kJ/mol atom for the AlTi 3 phase. It was proven that, during the reaction of titanium and aluminium powders, regardless of the applied proportion, the first obtained product was the Al 3 Ti phase [4, 5] . This is why the data for the enthalpy of formation for the Al 3 Ti phase obtained from both methods are similar, whereas for the AlTi and AlTi 3 phases, we can observe differences in the enthalpy of formation values, which points to the fact that the reaction of the phase formation was not finalized in the calorimeter, this being the reason for the difference in the results obtained from these two methods. The calorimetric data of the enthalpy of formation of the intermetallic phases from the Al-Fe-Ni-Ti type systems obtained by Rzyman et al. [1] [2] [3] as well as in our own studies [6] [7] [8] [9] [10] was introduced into the Entall database [11] , which is available at www.entall.imim.pl.
The aim of this work is an analysis of the agreement of the model and experimental values of the enthalpy of formation of the intermetallic phases present in the binary alloys for which IMIM PAS performed the preparation, phase analysis and calorimetric measurements as well as a presentation of a new tool, that is a calculator of the Miedema model of the enthalpies of formation, and finally, a demonstration of the operation of the Entall database and the technique of data acquisition.
Description of the new Entall database
The main assumption made while developing the web application which makes available the content of the Entall database was the creation of a high-interactive and intuitive user interface. Its central element is a chart with four input parameters:
• system U, • thermodynamic property W, • independent variable for which the thermodynamic property is determined X (e.g. mole fraction or temperature), • source materials from which the data originates A.
On defining the query to the database, the user sees an empty diagram with missing values of the parameters: U, W, X and A. The Entall application (Fig. 2) guides the user through the consecutive steps and when, in a certain context, only one value of the parameter is available, the application selects it automatically. The database does not include figures. Each point which can occur in a particular diagram is represented as a separate entry (record). This allows the user to compose diagrams which precisely meet their expectations (e.g. combining several data sources in one diagram, displaying the points which meet the assigned criterion).
The original Entall database published in 2013 [11] contained thermodynamic data for 5 binary systems: Li-Si, Ag-Ca, B-Li, Ca-Li and Al-Li. Figures 3 and 4 present (for Li-Si system) the way of identifying the values visible in the diagram and the existing possibility to calculate other thermodynamic functions on the basis of measurement of the electromotive forces included in the Entall database [11] , respectively. Fig. 3 . Presentation of the electromotive forces for selected mole fractions of lithium in the Li-Si system [12] Currently, the database contains data for 12 metals, 16 binary systems and 7 ternary systems presented in Table 1 . It also provides information on the data source, which is pre-sented on the example of the enthalpy of formation of the intermetallic phases from the Al-Ni system (Fig. 5) . 
We should point out one more aspect connected with access to the numerical values. In order to obtain a numerical value for a given point (measuring value), it is enough to place the cursor on the point in the diagram to display the corresponding experimental value next to it. Thus we can see that the Entall database not only shows the location of the experimental values between the axes but also provides the user with the experimental numerical data. 
Miedema Model
In the case when we do not have at our disposal the experimental data of the enthalpy of formation of the intermetallic phases, we can apply modeling. One of the semi-empiric models allowing for the calculation of the value of the enthalpy of formation in binary systems is the Miedema model. The history of this model goes back to the 1970s, when Miedema and his co-workers presented a model allowing for the prediction of the enthalpies of formation for binary alloys [13] [14] [15] [16] [17] [18] [19] , which can be calculated by applying equation (1). 
In the case of the enthalpy of formation of the intermetallic phases in binary systems, the particular terms of equation (1) can be calculated by way of application of equations 2-5. A(alloy) =V
where: φ * A φ * B − electronegativity of elements "A" and "B", n A ws , n B ws -densities of electrons at Wigner-Seitz cell boundary, V A , V B -molar volume of components "A" and "B", P, Q, R, α, a.cf -empiric constants determined by Miedema et al. [19] , Q P = 9.4, α = 0.73 for liquid alloys, whereas α = 1 for solid alloys, a.cf = 0.14 for alkaline metals, a.cf = 0.1 for 2-valence metals, a.cf = 0.07 for 3-valence metals 3 and for Ag, Au, and Cu. In other cases, a.cf = 0.04. P -depends on whether "A" and "B" are transition or non-transition metals, P = 12.3, when "A" is a transition metal and "B" is a non-transition metal, P = 14.1, when "A" and "B" are transition metals, P = 10.6, when "A" and "B" are non-transition metals. R/P = 0 in the case when both "A" and "B" are transition or non-transition metals. In the case when one is a transition metal and the other is a non-transition metal, R is determined with the use of the following formula: The above equations and assumptions of the Mediema model constitute the basis for the modeling module (calculator) created by the authors of this work, which expands the potential of applications of Entall [11] . The application window shown in Fig. 6 presents the values of the enthalpy of formation of the Al 3 Ni 2 , phase, the heat of solution of Ni in Al and Al in Ni, which are calculated by means of equations (7) (8) , as well as the parameters of the Mediema model which were used in the calculation of the values of the enthalpy of formation of intermetallic phases belonging to the Al-Ni system.
A(alloy) ·[−P(∆Φ * ) 2 +Q(∆n 
where: R (l) = 0.73R.
Discussion
The values of the enthalpy of formation of intermetallic phases calculated by means of the Mediema model (Eq. 1-8) and those measured in our own studies with the use of 3 different calorimetric methods, i.e. the method of dissolving, pulping and direct synthesis, for 12 different binary systems are compiled in Table 2 . In all the cases, one can observe significant absolute or percentage differences between the calculated and measured values of the enthalpy of formation, which is always connected with one of the phases. This discrepancy is visible in the case of the three analyzed systems: Al-Fe, Fe-Ti and Ni-Ti, for which the minimal values of the enthalpy of formation from the model calculations are observed for phases Al 38 Fe 62 , FeTi and NiTi, whereas the measured minimal values of the enthalpy of formation are observed for phases Al 5 Fe 2 , Fe 2 Ti and Ni 3 Ti.
In the analysis of the differences between the model and experimental values of the enthalpy of formation in Table 2 , we can see that they vary between a few and a few tens of kJ/mol atoms, and the biggest difference is observed for the Li-Si system, where, for phase Li 13 Si 4 , the absolute value of the difference equals 27.3 kJ/mol atom.
The presented comparative analysis of the model and experimental values of the enthalpy of formation of intermetallic phases confirms that very often the Mediema model predicts both the values of the enthalpy of formation and the phase for which its value is minimal, with a very low accuracy. That is why the application of model values of the enthalpy of formation of intermetallic phases in other thermodynamic calculations should take place only in the case where there is absolutely no available experimental data. We can, however, propose an intermediate procedure consisting in correcting the model values by way of an experimental test of one of the phases, e.g. that of the lowest enthalpy of formation, and proportionally increasing or decreasing the values of the remaining phases from the analyzed system. This procedure will be explained in the next paper. 
Conclusions
The proposed modification of the thermodynamics database Entall concerns both an expansion of the number of available systems and the possibility of modeling enthalpies of formation of intermetallic phases by means of the Mediema model. The performed analysis of the agreement of the model and experimental values of the enthalpy of formation of 12 binary systems showed significant discrepancies between those groups of data, which reach even a few dozen of kJ/mol atoms or a few hundred percent. This conclusion is drawn from the comparative analysis of the phases from the binary systems belonging to the Al-Fe-Ni-Ti system, four systems applied in energy storage (Ag-Ca, Al-Li, Li-Si, Ca-Li) and two systems (Ag-Sn, Au-Sn) from the group of lead-free solders.
In the authors' opinion, an improvement of the predictability of the enthalpy of formation of phases by way of modeling requires a continuation of the works on the modification of the Mediema model based mainly on those experimental tests in which the samples -before or after the tests -were structurally characterized and they confirmed the structure of the examined phase.
The proposed method of correcting the model data by way of experimental determination of the enthalpy of formation of one of the phases of the given binary system will make the corrected model values significantly closer to the experimental ones and thus to the actual values as well.
